Background: Considering that food insecurity can be a precursor to health and nutrition problems, determining its associated factors seems necessary in any society. The purpose of this case-control study was to determine the food insecurity, c-reactive protein (CRP), and some socio-economic factors in type 2 diabetic patients. Methods: The present study was conducted on 200 people with type 2 diabetes mellitus (T2DM) and 200 healthy individuals within the age range of 30 to 59 years. Food security was assessed using the US Department of Agriculture Household Food Security questionnaire. Anthropometric index, physical activity, and biochemical factors were measured by questionnaire and blood test. Results: The prevalence of food insecurity was 71% within the diabetic patients, of which, 65.5% had food insecurity without hunger, 3.5% had food insecurity with moderate hunger, and 2% had food insecurity with severe hunger. In addition, 24.9% of the participants were healthy. The level of fasting blood glucose and inflammatory factors (CRP, WBC) were significantly higher in food insecure participants compared to the healthy individuals (P < 0.05). Multivariate logistic analysis showed that food insecurity, BMI > 25, occupational status, economic status, and education level were significantly correlated with T2DM (P < 0.001). Conclusion: As a result, health care providers should take measures to reduce the food insecurity in the community, specifically within T2DM patients. To this end, the individuals' economic status should be improved and the household food patterns should be modified.
Introduction
iabetes mellitus is a group of metabolic disorders associated with an increase in blood glucose level. This increase is due to the impaired secretion of insulin, insulin function, or both (Franz, 2008) . The International Federation for Diabetes (IDF) estimates the prevalence of diabetes about 642 million individuals by year 2040. For example, the prevalence of diabetes was reported as 9.9% in Iran, which was estimated to increase to 10.1% by 2035 (Whiting et al., 2011) . The range of food insecurity varies from anxiety about access to food at the household level to a high degree of hunger among children who have no food to eat (Frongillo and Nanama, 2006, Kendall et al., 1995) . The increased levels of the household income, parents' level of education, their occupational status, their age, the number of working family members, the socioeconomic status of the family, and the effective factors on diet (such as the nutritional habit of the region) had a significant relationship with the food security status of the households (Hakim et al., 2011 , Hakimi et al., 2012 , Mohammadzadeh et al., 2010a , Ramesh et al., 2010 , Saadi and Vahdat, 2013 . According to the studies conducted in Iran, the prevalence of food insecurity was 23.2% in the whole country (Mohammadi et al., 2008) . Moreover, the prevalence of food insecurity was reported to be 20%, 32%, and 44% in Tehran (Qasemi and Kimiagar, 1998) , Yazd (Ramesh, 2009) , and Shiraz (Karam Soltani, 2004) , respectively. People with food insecurity are at the risk of lower food variety, low quality diets, reduced intake of micronutrients, as well as less reception of fruits and vegetables (Adams et al., 2003 , Dixon et al., 2001 , Frongillo and Nanama, 2006 , Nord et al., 2005 .The high prevalence of food insecurity and type 2 diabetes (T2DM) have been reported in Iran. Furthermore, no study has ever investigated the relationship between inflammatory factor and food insecurity in Iran. Therefore, the present study was conducted to examine the association of food insecurity, inflammation, and some socioeconomic factors with type 2 diabetes.
Materials and Methods
Participants and design: The present study was conducted on 200 people with T2DM and 200 healthy individuals within the age range of 30 to 59 years. The inclusion criteria for the intervention group were having diagnosed diabetes by a diabetic specialist and a medical electronic record since 2016, showing that they continued their treatment for a long time under the supervision of a diabetic specialist. The control group included healthy individuals randomly by the random sampling method from comprehensive health centers of Shohada and Minoodar in Qazvin in 2017. All participants were homogenized in terms of age and gender. Considering the significance level of 5% and at least 90% of test power, the sample size was estimated as 200 for each group based on the Najibi and Khosravi's study (Hasan-Ghomi et al., 2015 , Kendall et al., 1996 .
The criteria for entering the study were being within the age range of 30-60 years, having no metabolic, infectious, and inflammatory diseases, consuming no estrogen hormones (both groups of study), having T2DM (with a fasting blood glucose standard of greater than 126 mg/dl), and having no change in the treatment and medication procedure at least over the past two months (case group). Exclusion criteria included pregnancy and lactation, lack of satisfaction to enter the research, people with a specific diet or diet changes over the past 2 months due to the history of heart diseases or heart strokes, cancer, and acute renal diseases.
Measurements: The participants' weight was measured in light clothing without shoes using the Seca scale (Hamburg, Germany) to the nearest 100 g. Furthermore, the participants' height was measured by a tape meter mounted on the wall with a precision of 0.5 cm using the standard instructions. Later, the participants' body mass index (BMI) was calculated by dividing the weight (kg) by the height (m 2 ).
The patients were tested at Shohada laboratory. The latest information on biochemical tests, including fasting blood sugar (FBS) and lipid profile, was read from the patient's records and recorded in a questionnaire.
Household food security was assessed using Household Food Security questionnaire entailing 18 items (USDA, 2015) . Validity and reliability of the mentioned questionnaire were confirmed by Rafiei et al. (Rafiei, 2009 ). All questionnaires were completed by a trained person. The Bikel method was applied and the participants were divided into Downloaded from jnfs.ssu.ac.ir at 5:31 IRDT on Wednesday March 25th 2020 [ DOI: 10.18502/jnfs.v5i1.2317 ] four groups of food secure, food insecure without hunger, food insecure with moderate hunger, and food insecure with severe hunger, based on their scores achieved from the questionnaire (Bickel et al., 2000) :.
The participants' physical activity level was measured by completing the standard physical activity questionnaire (IPAQ) after interviewing with the patients. This questionnaire examines the status of a person's physical activity and classifies it into the weak, moderate, and severe levels. This questionnaire was used in various studies in Iran, which confirmed its validity and reliability (Moghaddam et al., 2012) .
In this study, such variables as age, gender, marital status, education, occupation, household dimension, and economic status were collected for all participants. The latest information with regard to the biochemical tests (sugar and fat) were collected from the participants' electronic records and recorded in the questionnaire. In order to measure the serum CRP, immunoturbidimetric method and hs-CRP quantitative diagnostic kit (Pars Test, Karaj, Iran) were utilized. Systolic and diastolic blood pressure were measured by a trained nurse from the patients' right arm in the sitting calm position after 5 minutes of rest using a Mercury barometer. The Korotkoff sound technique was used three times with a 5-minute interval and the average score was recorded. The participants' food intake was analyzed via the Nutritionist IV software.
All data were analyzed by SPSS (version 16) and the results were reported. Qualitative variables were reported in absolute and relative frequency tables and quantitative variables were reported by mean and standard deviation. Moreover, independent t-test was applied to determine the relationship between quantitative variables. Mann-Whitney test was run to compare the means of two independent groups. Finally, multiple logistic regression was used to investigate the effect of confounding variables. The significance level for all calculations was considered as P-value < 0.05. 
Results
The participants' characteristics are shown in Table 1 . No significant difference was observed between the two groups in terms of age, gender, marital status, household dimension, and number of working people. The two groups were significantly different with respect to occupation (P = 0.005), economic status (P < 0.001), education (P = 0.01), number of life assets (P < 0.001), and BMI (P < 0.001). The prevalence of food insecurity was 24.9% and 71%, in the control and intervention groups, respectively. Of the reported rates, 65.5% were food insecure without hunger, 3.5% were food insecure with moderate hunger, and 2% were food insecure with severe hunger. The prevalence of food insecurity in the intervention and control groups was statistically significant (P < 0.001). The studied groups did not reveal any significant difference in terms of age and gender, which indicated that the two groups were homogenized accurately in terms of age and gender. The results of Table 2 show the relationship of biochemical factors, inflammation, and blood pressure with food insecurity. The level of blood glucose in food insecure individuals was 1.16 times higher than that of the food secure individuals, this difference was significant (P = 0.02). No statistically significant difference was observed between the insecure food and secure food groups with regard to the serum level of lipid profiles and blood pressure (P < 0.05). The rate of inflammatory factors was significantly higher in food insecure individuals than the secure food individuals (P < 0.001). prevalence of the people with food insecurity was 4.74 times more than the participants with food security. Furthermore, risk of T2DM was 1.13 times more in individuals with overweight and obesity than the normal-weight individuals. The risk of T2DM was 3.5% higher among the unemployed individuals responsible for the household food supply (or their spouses) than the employed. Households with fewer than 3 assets of life were 1.78% more likely to develop T2DM than those with more than 3 life assets. The risk of T2DM was 1.66 times higher in households with a weak and average economic status than households with good economic status. Households with a diploma and sub-diploma educational degrees were 1.02 times more probable to develop T2DM than individuals with higher levels of education. 
Discussion
The present study was conducted on the middle aged in Qazvin. Its results showed a direct significant relationship between food insecurity and T2DM. Based on the findings, 71% of people with T2DM and 24.9% of the controls had mild to severe food insecurity and a statistically significant relationship was found between T2DM and food insecurity. Our findings were consistent with those of Aria et al. (Aria, 2015) in reporting a significant relationship between food insecurity and T2DM. Moreover, an association was observed between food insecurity and T2DM, so that prevalence of diabetes in food secure, mild food insecure, and severe food insecure groups were 11.7%, 10%, and 16.1%, respectively. These results were also supported by other studies (Seligman et al., 2007) . After adjusting for the factors related to the social demography and physical activity, the prevalence of diabetes was observed to be higher in individuals with severe food insecurity compared to those with mild food insecurity and those without food insecurity. (Seligman et al., 2011) . Khosravi et al. showed no significant relationship between gestational diabetes and food insecurity (Khosravi et al., 2015) . Hasn-Qomi et al. revealed no significant difference between individuals' suffering from diabetes and the control group in terms of the level of food security, which is in contrast with the results of our study (Hasan-Ghomi et al., 2015) . Kendall et al. showed that underlying causes such as low economic status and food insecurity led people to buy cheaper foods, reduce their food intake, and change their type of food. Therefore, food diversity decreases and consumption of highcalorie foods increases (Kendall et al., 1995) . The high-calorie foods include refined grains and trans or saturated fat, which are nutritionally low in quality and cheaper than their substitutes with the same amount of calorie (Xie and Du, 2011). These nutritional patterns cause obesity, high blood pressure, increased blood lipids, and diabetes. A significant relationship was observed between T2DM and low economic status. In Downloaded from jnfs.ssu.ac.ir at 5:31 IRDT on Wednesday March 25th 2020 [ DOI: 10.18502/jnfs.v5i1.2317 ] general, findings of the present study justified that unfavorable socio-economic status could limit the individuals' access to nutrients and energy. As a result, people are faced with a lack of choice and compulsion to change their food habits. So, economic constraints are considered as another aspect of food insecurity.
It can be argued that the economic status increases the risk of T2DM indirectly through food insecurity. In the current study, a significant relationship was found between T2DM and unemployment. In individuals with and without T2DM, individuals responsible for the household food supply were 55.5% and 35.5% unemployed, respectively. Therefore, job status can lead to T2DM indirectly through food insecurity. The results of this study were in line with those of previous studies, mentioning that a significant relationship was detected between food insecurity and occupation status (Mohammadzadeh et al., 2010b) (. Unemployment and low income affects the lifestyle. Employed people have a better economic status; so, the likelihood of food insecurity and its consequences is reduced among them. T2DM had a significant relationship with overweight and obesity. Most studied individuals with T2DM were overweight and obese compared to the controls (BMI ≥ 25). Results of several studies were consistent with our findings, which showed a positive significant correlation between high BMI and T2DM (Narmaki et al., 2017) . . In few studies, obesity was not associated with diabetes, but other factors such as physical activity level and low levels of insulin affected incidence of diabetes (Santos et al., 2001) . Obesity, either independently or by producing free fat acids, can lead to insulin resistance. Obesity increases the peripheral resistance to insulin and causes T2DM by removing insulin-mediated glucose (Santos et al., 2001) . On the other hand, obesity and overweight are indirectly related to T2DM through food insecurity. The results of this study are consistent with those of previous studies (Hakim et al., 2011 , Narmaki et al., 2017 ; in finding a positive and significant correlation between food insecurity and high BMI. People with food insecurity are at risk of overweight and obesity due to consuming cheap and highcalorie diets. Moreover, food deprivation in lowincome families causes over-eating (excessive consumption of food at a time when food is available) and under-eating (limitation in food intake when there is not enough food). Consequently, this dietary misconduct can lead to weight gain and weight loss, overweight, and obesity. The level of fasting blood glucose had a positive significant relationship with food insecurity. Drewnowski et al. stated that food insecure people eat cheap foods that are inadequately nutritious but have high energy density (Drewnowski and Darmon, 2005) ). For instance, food insecure people eat less fruit and vegetable, but consume higher calories from refined carbohydrates and saturated fats. This type of diet can be associated with increased levels of glucose in food insecure people and increase the risk of T2DM (Ford and Mokdad, 2001) . A positive significant correlation was found between CRP inflammation factor level, WBC, and food insecurity. Gowda et al. demonstrated that nutritional deficiencies and inadequate energy intake of the insecure people change their diet patterns and dietary preferences (Gowda et al., 2012) . When individuals are deprived of important nutrients, their bodies become more vulnerable to infection; as a result, physiologic expression and immunity will start to fight infection. This reaction stimulates the body to release large amounts of white blood cells and CRP. Indeed, CRP is a classic acute phase protein for inflammatory reactions. Its biomarker has a significant correlation with several chronic diseases, including T2DM. The results of this study may indicate that food insecure individuals are more susceptible to inflammation, which may lead to noncommunicable diseases such as diabetes, hypertension, and cardiovascular disease.
To the best of our knowledge, this study was the first case-control research in Iran on the food Downloaded from jnfs.ssu.ac.ir at 5:31 IRDT on Wednesday March 25th 2020 [ DOI: 10.18502/jnfs.v5i1.2317 ] insecurity and inflammatory factors. Our findings can be served as a basis for wider research. We also adjusted for the effect of potential confounding factors in multivariate regression logistic model, which is considered as strength of this study. However, the existing limitations should be taken into account. In this study, cross-sectional data were used to identify the relationship between food security and the likelihood of T2DM, in which the cause and effect relationship as well as the temporary or chronic nature of the food insecurity were not determined in households. Consequently, future researchers are recommended to study the impact of food security on diabetes in different age groups by cohort studies.
Conclusion
Food insecurity, fasting blood glucose, and inflammatory factors had a significant relationship with incidence of T2DM. Therefore, planners are recommended to reduce the food insecurity in the community, especially within women by improving the economic status and modifying the household food patterns.
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